Protein concentration measurements are critical in biochemical work with cellular membranes, including the determination of cell surface receptor concentration in human malignant tissues obtained at surgery or after biopsy. In this study we compared the results of protein concentration measurements in ovine liver cellular membranes using either particulate preparations or membranes solubilized with four different detergents. In all cases protein was determined by two different indirect methods (Lowry's Folin phenol method and Bradford's Coomassie Brilliant Blue dye binding method) and compared to the direct biuret method. Our results indicate that the direct biuret method gives the highest protein concentrations followed by the method of Lowry. Maximal concentrations (approaching those obtained by the direct biuret method) were obtained after membrane solubilization with Triton X-l00 (3-5070). It is suggested that either the direct biuret method (whenever protein concentrations permit it) or the method of Lowry after solubilization of membranes with Triton X-IOO (3-5%) should be used preferentially for the determination of membrane protein samples.
Additional key phrases: biuret method; Folin phenol method; Coomassie Brilliant Blue method; detergent solubilization
The determination of protein concentration in membrane preparations is critical in membrane biochemistry, because in most cases it is used to normalize results of other biochemical parameter measurements per unit mass of protein.In some cases, such as the determination of cell surface receptors in human malignant tissues, clinical decisions may ultimately depend in part, on the accurate and consistent determination of protein in membrane preparations of these tissues.
Currently, different methods of protein measurement are utilized by biochemical laboratories: The methods most frequently used are the classical In this study we performed a systematic comparison of the treatment of membrane preparations with different detergents, and methods of protein measurement in an effort to determine an optimal combination, which could form the basis of uniform reporting of protein concentration among laboratories working with membranes. We utilized ovine liver membranes, since no human tissue was available in the quantities necessary to perform our experiment.
MATERIALS AND METHODS
Membrane particulate fractions These were prepared as described previously. 3 Briefly, ovine liver was kept on ice and transferred to the laboratory within 1 h from the death of the animal. The liver was homogenized in approximately 10 vol of assay buffer (20 mmol/L phosphate, 150 mmol/L NaCl, pH 7 '40) with the addition of 70'0 mg/L bacitracin, at 4°C. Membrane particulate fraction was prepared by differential centrifugation between 1500 x g (15 min) and 20000 x g (30 min) at 4 DC. Membranes were washed once, resuspended in assay buffer at a concentration of approximately 10 mg/mL as measured by the Bradford method, aliquoted and kept at -80 DC, until use. Membranes were used in the month following their preparation.
Solubilization procedure Membranes were solubilized using different commercially available detergents. Triton X-IOO, 3-[(3-chloramidopropyl)dimethyl ammonio ]-1propansolphonate (CHAPS), Na Cholate and sodium dodecyl sulphate (SDS) were used at final concentrations O' 3, 3' 0, and 5·0070. Protein concentration was approximately 5· 0 mg/mL, as assayed by the dye method of Bradford. Solubilization was performed as described by Hjelmeland and Chrambach," by gentle stirring of the mixture with a magnetic stirrer, at 4 DC, for 1 h. After solubilization, aliquots were withdrawn for protein measurements. In each case a blank containing buffer instead of membrane extract was used. The same conditions (incorporation of the appropriate detergent concentration) was used for the establishment of the standard curve.
Protein measurements Protein standards
Bovine serum albumin (fatty acid free) was used as a protein standard for all assays. This standard was calibrated by its absorption at 280 nm.
Assays
The Bio-Rad protein assay kit was used for the protein assay according to Bradtord.' The method of Lowry et 01. 1 with a slight modi fiction (Na2C03 3% instead of 2%, CuS04/Tartrate/Na2C03 1/1110 instead of 1/1/100 and dilution of the Folin reagent in water instead of NaOH) and the biuret method" were equally used.
Materials
The protein assay kit used for Bradford's method was purchased from Bio-Rad Laboratories (Richmond, CA, USA). CHAPS was from Boehringer Mannheim (Germany), while all other chemicals were either from Sigma (St Louis, MI, USA), or from Merck (Darmstad, Germany).
Statistics
All determinations were performed in triplicate. At least three different assays were performed with two different preparations of liver membranes. Analysis of variance was employed to assess statistical differences between methods. Triton X 100(%) RESULTS Figure 1 summarizes the results obtained. In the particulate membrane preparations (zero detergent) the direct biuret method yields the highest results followed by the method of Lowry et 01. The method of Bradford gives protein concentrations 37% lower than the other indirect method. The effect of detergent solubilization of the particulate membrane preparation is also shown in Fig. 1 . Using the method of Lowry et 01.,both Triton X-IOO (P<O·OI) and Na cholate (P<O'OI) increase the measured protein concentration. Using the method of Bradford, both Triton X-l00 (P<O'OI) and CHAPS (P<O'OI), at concentrations greater than 3% increase the measured protein concentration. SDS at concentrations up to 3% increases the measured protein concentration by the method of Bradford but not by the method of Lowry et 01. At concentrations greater than 3% both Na cholate and SDS resulted in precipitate formation that interferes with the Bradford method.
It is clear from Fig. 1 that membranes solubilized with 3-5% Triton X-l00 and protein measured by the method of Lowry et 01. gives the results most closely linked to those of the direct biuret method. Indeed, it is only with this detergent at these concentrations and with this method that the biuret method does not yield statistically higher results than the indirect methods. Table I presents the physicochemical data for each of the detergents employed in this study. At the same weight to volume ratios Triton X-loo presents the highest active concentration, as expressed by its critical micelle concentration (CMC) , followed by SOS, Na cholate and CHAPS.
DISCUSSION
The three methods used in this study to estimate the protein concentration of membrane preparations are based on very different principles. The biuret assay measures the peptide bonds present in the protein; the Lowry et al. method depends on the tyrosine and tryptophan content of the protein; and the Bradford method relies on the affinity and capacity of the protein to bind the Coomassie Brilliant Blue dye.
The biuret method is capable of measuring protein to the same extent in membrane particulate fractions and in solubilized membrane preparations. This is apparent from the lack of effect of any of the four detergents on the membrane protein content obtained with the biuret method. It also follows from Fig. I that the method does not suffer from interference from any of the detergents. The biuret method is very easy to perform, but it lacks sensitivity when compared to the indirect methods and may only be used in preparations where the protein concentration exceeds o· 3 mg/mL.
In the absence of detergent, it is clear from biuret method. In turn, the Bradford method gives results that are, on average, 370/0 lower again. Both these indirect methods depend on the presentation of the protein for colour formation, and it is therefore to be anticipated that the measured protein concentration with these methods will be lower in particulate fractions than in solubilized preparations. The relative ranking of the results will depend upon the tyrosine and tryptophan content of the proteins present and their affinity and capacity for Coomassie Brilliant Blue dye. Other factors that will influence colour formation in these indirect methods include the lipid content of the membranes and the tonicity of the medium used to isolate the particulate fraction.
Previous studies have used low concentrations of detergents, insufficient for solubilization, to produce more accurate results of protein assays by providing an almost equal sensitivity of all measured proteins." We have extended that observation in this study by demonstrating that the addition of solubilizing concentrations of detergents can cause a substantial increase of the concentrations measured. The most marked effect, a 28% increase relative to the particulate membrane fraction was observed using a 3-5% Triton X-loo and the method of Lowry et al.
Under these conditions, the solubilized protein concentration was not significantly different from the corresponding result from the biuret method.
Other investigators have used different modifications of the two indirect methods to assay proteins in membrane preparations. The most accurate techniques are those which assay the absolute protein content as described in the review by Peterson," but these are too complicated for routine use in the clinical laboratory. As a result, many authors have looked towards detergents, and especially SOS at final concentrations between O·7_4%. 8 Results showing an increase of almost 50% in the measured protein concentration occurred with 1-3% SDS using the Bradford method," a finding very similar to that of the present study. However, in our hands the maximum result obtained with SOS as detergent was consistently lower than with 3-5% Triton X-loo. It should be noted that the interference from Triton X-loo is greater than with SDS but, with the appropriate subtraction of blank, the results obtained are accurate and reproducible.
The physiochemical properties of the different detergents are relevant to an appreciation of the results of this study. We used detergents belonging to four different classes: non-ionic (Triton X-l()(», ionic (SDS), polar (Na cholate) and zwitterionic (CHAPS). As previously discussed, the action of each class of detergents is different.4,6 Notable differences occur with respect to the micellar radius of each detergent (Triton X-IOO 90,()()(); SDS 24,200; Na cholate 1,700; CHAPS 6,150) and the critical micelle concentration (Table I) .
The concentrations of the detergents used in this study all reached values sufficient to obtain a complete delipidation and subsequently a complete solubilization of the membrane.V However, the constitution of the micelles formed by cholate derivatives (Na cholate and CHAPS) and other types of detergents are completely different, a fact which may explain the pronounced differences in CMC obtained by the use, for example, of 5OJo CHAPS (CMC 10'2) and 5OJo Triton X-IOO (CMC 250). It is clear from this study, however, that there is not a predictable relationship between the class of detergent or the CMC and the measured protein concentration by either of the two indirect methods.
In conclusion, the results of the present study confirm previous observations on the difference of protein measurements by different assay techniques and indicate the potential value of detergents for reducing these differences. We recommend that, if amounts of protein allow, the direct biuret method should be used. If, however, a more sensitive indirect method is required, we recommend use of the method of Lowry et al.
after prior solubilization of the particulate fraction with 3-5% Triton X-IOO.
